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The Infl uence of Soil Reaction, Residual Soil
Phosphorus and Fertilizer Phosphorus on
The Yield of Soybeans Grown on Olivier
Silt Loam
W. J. Peevy, B. E. Newman, J. E. Sedberry, Jr. and
R. H. Brupbacher^
Introduction
An experiment was initiated in 1967 to determine the effects of soil
reaction (pH) , residual soil phosphorus and fertilizer phosphorus on the
yield of soybeans grown on Olivier silt loam soil at Perkins Road Farm,
Baton Rouge. The Olivier soil occurs in the Loessial Hills and Missis-
sippi Terrace areas of Louisiana, which are shown in Figure 1.
The experimental area, approximately 3 acres, had been in a cotton-
corn rotation for 18 years. The two chief variables in this rotation that
had appreciable effects on soil composition were limestone and phos-
phorus applications. As a result of phosphorus additions for 18 years
prior to 1967, the extractable soil phosphorus ranged from 13 to 60
ppm. The pH was about 5.0 on one-half of the area and about 5.5 on
the other half. Because of this relatively wide range in extractable soil
phosphorus, and the ability to make rapid changes in soil reaction by
limestone additions, this area was considered suitable for a study of the
effects of soil reaction, residual phosphorus and applications of fertilizer
phosphorus on the yield of soybeans.
The analyses of many thousands of soil samples from the Loessial
Hills and Mississippi Terraces have shown that most of these soils are
relatively low in extractable phosphorus, and are acid {1, 3, 4).'' Many
studies have shown that residual phosphorus from fertilizer applications
supplies phosphorus to plants. The oldest work of this nature has been
done at the Rothamsted Experiment Station in England, as reported
by Russell, (5). He reported that after 60 years of cropping, barley plants
were still taking up 1.2% of the residual phosphorus in the soil, or about
4.4 pounds of P per acre annually.
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3 and Mississippi Terraces.
Figure 1.—Location of Loessial Hills and Mississippi Terraces in Lou-
isiana.
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More recently, Ensminger (2) reported on work in Alabama which
showed large increases in cotton yields from residual phosphorus 20
years after any fertilizer phosphorus had been applied. Although there
was a large benefit from residual phosphorus, the level was not sufficient
to prevent a further yield increase from the use of more fertilizer phos-
phorus.
The Olivier silt loam soil on which this investigation was conducted
occurs in, and is quite representative of, an area that is quite different
from other soil areas in Louisiana. The results of this investigation should
help farmers in this soil area (Figure 1) to determine their phosphate
fertilizer and lime needs.
Experimental Procedure
The experimental area was divided into four blocks. One block was
then limed to pH 6.4 and one was limed to pH 7.0. Two blocks, which
had a pH of about 5.1 and 5.6, respectively, were left unlimed. Each
block then consisted of 18 plots, which had variable extractable soil
phosphorus levels because of previous P applications for 20 years. These
plots were then subdivided and phosphorus was applied to one-half of
each plot at the rate of 60 pounds of P2O5 (26 pounds P) per acre an-
nually in 1967, 1968 and 1969. The phosphorus was applied and bedded-
on before planting. Ordinary 20% superphosphate was used as the
source of phosphorus. Potassium was applied as potassium chloride to
all plots at the rate of 100 pounds of K2O (83 pounds K) in 1967, and
at the rate of 60 pounds of KgO (50 pounds K) per acre in 1968 and
1969. Bienville soybeans were grown annually.
Results and Discussion
All data presented are average yields for the 3 years of this experi-
ment— 1967, 1968 and 1969. During 1969 the weather was very dry and
yields were very low. The average yield for all plots at pH 7.0 for 1967
and 1968 was about 40 bushels per acre. The average yield in 1969 was
25 bushels. The 3-year average was about 35 bushels.
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Soybean Production at pH 5.1
The 3-year average yields of soybeans at pH 5.1 for each plot, both
with and without fertilizer phosphorus, are shown in Table 1. Although
the use of phosphorus on plots with very low soil phosphorus gave good
yield increases, the total yields were still very low. On plots with the
higher phosphorus levels, the total yields were also very low and there
was less response to the use of phosphorus.
The yields at five specific soil phosphorus levels at pH 5.1 are
shown graphically in Figure 2. This shows that there was a moderate
response to phosphorus at very low soil phosphorus levels, very little
response as the soil phosphorus increased to above 30 ppm, and that
all yields were low.
The yield differences shown in Table 1 are shown graphically in
Figure 3. A highly significant negative linear regression equation was
obtained, indicating that as the soil phosphorus approaches 25 to 35
ppm there is little chance of a response to the use of phosphorus fertilizer
at soil pH 5.1.
Table 1.-Effects of soil phosphorus and fertilizer phosphorus on the yield of Bien-
ville soybeans grown on Olivier silt loam soil at pH 5J
Extractable P
in soil P added No P added Yield difference
ppm — Yield, bushels per acre -
+7.015 16.1 9.1
15 17.1 12.9 +4.2
15 21.5 15.7 +5.8
18 24.1 14.3 +9.8
18 21.0 13.1 +7.9
18 15.9 10.3 +5.6
20 14.0 12.5 +1.5
23 15.1 13.6 +1.5
25 16.7 19.0 -2.3
28 18.9 20.9 -2.0
28 18.8 17.1 +1.7
28 20.9 19.7 +1.2
30 20.2 16.4 +3.8
30 22.3 18.2 +4.1
33 21.9 18.8 +3.1
35 20.2 19.9 +0.3
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Figure 3.—Effects of levels of soil P on the response of Bienville soybeans
to applied P on Olivier silt loam, pH 5.1.
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Soybean Production at pH 5.6
The 3-year average yields o£ soybeans at pH 5.6 for each plot are
shown in Table 2. The yields without fertilizer phosphorus and the
responses to fertilizer phosphorus were considerably larger at pH 5.6
than at pH 5.1. Even with the use of fertilizer phosphorus, the yields were
mostlv under 30 bushels per acre at all soil phosphorus levels, indicating
that this pH was too low for high soybean yields on this soil.
The average yields at five selected soil phosphorus levels are shown
gi aphically in Figure 4. This graph shows that the response to phosphorus
generally decreased as the soil phosphorus level increased. The average
yields at all soil phosphorus levels were considerably higher than at
pH 5.1. Yields without fertilizer phosphorus were higher at pH 5.6
than with fertilizer phosphorus at pH 5.1.
The responses to phosphorus presented in Table 2 are shown graphi-
cally in Figure 5. At pH 5.6, there were fairly large variations in yield
response at the various soil phosphorus levels. The straight line nega-
tive regression shown in Figure 5 was not statistically significant at the 5%
probability level; however, the negative linear regression equation could
be considered significant at the 7% level.
Table 2.-Effects of soil phosphorus and fertilizer phosphorus on the yield of Bienville
soybeans grown on Olivier silt loam soil at pH 5.6
Extractable P
in soil P added No P added Yield difference
ppm Yield, bushels per acre
20 30.2 18.0 +12.2
20 24.1 14.3 + 9.8
20 25.9 16.7 + 9.2
23 28.1 13.9 +14.2
23 22.3 16.2 + 6.1
23 23.4 20.3 + 3.1
25 29.8 18.5 +11.3
30 24.0 23.1 + 0.9
30 30.3 19.8 +10.5
30 26.1 22.5 + 3.6
30 24.9 25.1 _ 0.2
30 26.6 28.3 _ 1.7
35 24.5 22.4 + 2.1
35 31.5 22.4 +9.1
35 27.6 20.0 + 7.6
38 30.1 23.4 + 6.7
38 26.4 27.4 + 1.0










Figure 5.—Effects of levels of soil P on the response of Bienville soybeans
to applied P on Olivier silt loam, pH 5.6.
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Soybean Production at pH 6.4
The 3-year average yields of soybeans at soil pH 6.4 are shown in
Table 3. These yields at pH 6.4 without fertilizer phosphorus were about
the same as at pH 5.6 with phosphorus. There was also considerably less
response to fertilizer phosphorus at pH 6.4 than at 5.6, but the yields
were higher at pH 6.4. This indicated that the lime was causing some
absorbed soil phosphorus to become available at pH 6.4.
The average yields at selected soil phosphorus levels are shown graphi-
cally in Figure 6. This shows that, at a very low soil-test level of P, there
was about a 5-bushel increase from the use of phosphorus, and little
increase at a medium (30 ppm) soil phosphorus level. It also shows that
the average yield with applied phosphorus at all soil phosphorus levels
was above 30 bushels at pH 6.4.
The yield increases as shown in Table 3 are shown graphically in
Figure 7. A highly significant negative linear regression is noted. This
means that at pH 6.4 on this soil there is likely to be an increase of 5 to
7 bushels per acre at about 15 ppm of soil phosphorus, and that a re-
sponse to phosphorus is unlikely at a soil-test level of about 30 ppm of
phosphorus.
Table 3.—Effects of soil phosphorus and fertilizer phosphorus on the yield of Bienville
soybeans grown on Olivier silt loam soil at pH 6.4
Extractable P
in soil P added No P added Yield difference
ppm — Yield, bushels per acre
13 29.8 24.8 + 5.0
13 25.5 23.6 + 1.9
13 31.6 25.3 + 6.3
15 31.1 28.2 + 2.9
15 32.2 24.7 + 7.5
15 31.3 23.9 + 7.4
20 27.9 23.6 + 4.3
23 30.7 33.2 - 2.5
23 25.3 26.8 _ 1.5
25 32.0 31.1 + 0.9
25 33.0 31.2 + 1.8
25 36.6 31.5 + 5.1
25 30.6 31.8 - 1.2
25 29.2 27.4 + 1.8
25 26.0 26.6 — 0.6
28 34.6 33.2 + 1-4
30 32.8 33.1 - 0.3





Figure 6.-Effects of levels of soil P and applied P on the yield of Bien-
ville soybeans grown on Olivier silt loam, pH 6.4.
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Figure 7.—Effects of levels of soil P on the response of Bienville soybeans
to applied P on Olivier silt loam, pH 6.4.
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Soybean Production a+ pH 7.0
The 3-year average yields at pH 7.0 are shown in Table 4. All yields
with added phosphorus were 30 or more bushels per acre, regardless of
soil piiosphorus levels. Also, all except two plots without phosphorus had
yields above 30 bushels.
The 3-year average yields at four soil-test phosphorus levels are
sho^\n graphically in Figure 8. There was little response to applied
phosphorus; however, most important is the fact that at pH 7.0 all yields
were relatively high with or without fertilizer phosphorous at all soil
phosphorus levels. A comparison of Figures 2 and 8 shows the effect of
soil pH on soybean yields on this soil.
The yield differences shown in Table 4 are presented graphically in
Figure 9. The linear regression is not statistically significant. It is almost
a fiat line, which means it is unlikely that much response will be ob-
tained from the use of phosphorus on this soil at pH 7.0, if the soil con-
tains as much as 20 ppm phosphorus.
Table 4.—Effects of soil phosphorus and fertilizer phosphorus on the yield of Bienville
soybeans grown on Olivier silt loam at pH 7.0
Extractable P
in soil P added No P added Yield difference
ppm — Yield, bushels per acre -
20 33.2 34.4 1.2
23 32.2 35.0 2.8
23 35.8 31.3 + 4.5
23 34.2 32.7 + 1.5
25 32.7 32.9 0.2
25 36.8 33.3 + 3.5
28 34.3 33.7 + 0.6
30 30.0 28.8 + 1.2
30 35.9 36.6 0.7
33 34.1 29.6 + 4.5
35 35.6 31.7 + 3.9
40 36.9 34.3 + 2.6
43 40.2 35.3 + 4.9
43 35.2 37.4 2.2
43 36.6 35.9 + 0.7
48 40.7 35.9 + 4.8
48 36.4 35.5 + 0.9
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Figure 8.—Effects of levels of soil P and applied P on the yield of Bien-




Figure 9.—Effects of levels of soil P on the response of Bienville soybeans
to applied P on Olivier silt loam, pH 7.0.
Comparison of pH Effects
To further show the effects of soil reaction on soybean yields on
Olivier silt loam, the 3-year average yields at the 30 ppm soil phosphorus
level are shown in Figure 10. As shown previously in Figures 2, 4, 6 and
8, there was not much response to phosphorus at a 30 ppm soil phos-
phorus level at any soil pH. The effects as presented in this graph are
from pH alone. With 30 ppm or more of soil phosphorus, the use of
fertilizer P did not usually give much increase in yield at any soil pH.
However, there was an increase of about 15 bushels per acre at pH 6.5
to 7.0 over pH 5.1.
A further emphasis of the effects of pH is shown in Figure 11. When
the 18 plot yields were averaged, as shown in Tables 1 through 4, the
"average" effect of lime without fertilizer phosphorus was a straight
line graph from pH 5.1 to pH 7.0. With phosphorus, there was a small
response at pH 5.1, a good response at pH 5.6, and relatively little
average response at pH 6.4 and pH 7.0. This shows the need for a high
pH on these soils, with or without the use of phosphorus. At a very low
soil pH, phosphorus is of very limited value and yields are low. At a






Soybean yields were low on Olivier silt loam soil at a soil pH of 5.1
at all soil phosphorus levels, with and without the use of fertilizer phos-
phorus. The best yields were 20 to 24 bushels per acre.
At pH 5.6 the yields with or without fertilizer phosphorus were 6 to
8 bushels higher than at pH 5.1. There was also more response to fer-
tilizer phosphorus at pH 5.6, and most yields were in the 25- to 30-bushel
range.
At pH 6.4 the yields without fertilizer phosphorus were considerably
higher than at pH 5.6 or 5.1. The response to fertilizer phosphorus was
less at pH 6.4 than at 5.6, but the yields were higher at 6.4.
The highest yields were produced at pH 7.0. The yields were higher
at pH 7.0 without fertilizer phosphorus than they were with fertilizer
phosphorus at any lower pH value. There was little or no response to
fertilizer phosphorus at pH 7.0.
The effects of the additions of limestone on the yield of soybeans on
Olivier silt loam soil were very outstanding. The data indicate that these
soils should be limed to about pH 7.0, and that the extractable soil
phosphorus level should be about 35 to 40 ppm for good soybean yields.
Although response to fertilizer phosphorus may not be obtained at this
soil phosphorus level, the use of small amounts of phosphorus may be
desirable in order to help promote early growth and to maintain the
soil phosphorus level.
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